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(57) ABSTRACT

A deposition apparatus includes a controllable edge exclu-
sion assembly for controllably excluding deposition adja-
cent a peripheral edge of a water within a deposition
chamber and based upon fluid flow. The controllable edge
exclusion assembly includes a ring-shaped body extending
inwardly from the peripheral edge of the wafer and spaced
above an adjacent front surface of the wafer. The ring-
shaped body has fluid passageways so that fluid flow from
adjacent a back surface of the wafer passes over the periph-
eral edge of the wafer and through the fluid passageways to
thereby exclude deposition adjacent the peripheral edge of
the water. The assembly also includes a flow controller
associated with the fluid passageways for controlling tluid
flow therethrough. The flow controller may include a control
body having a plurality of fluid passageways therein, and
which 1s relatively movable with respect to the ring-shaped
body. This relative movement provides a selectable amount
of alignment between the fluid passageways of the control
body and the ring-shaped body to thereby control fluid tlow.

4932358  6/1990 Studley et al. c.veeeveerreeeennnn. 118/728 _ _
5516367  5/1996 Tei et al. wovovvvovoeooreeoosero 118/725  1n another embodiment, the flow controller includes respec-
5578532  11/1996 van de Ven et al. ................ 437245  tive 1ris diaphragms for the fluid passageways.
5,620,525 * 471997 wvan de Ven et al. ................. 118/728
5,843,233 * 12/1998 wvan de Ven et al. ....ooeuueeee. 118/715 36 Claims, 9 Drawing Sheets
56 55 N
61’///!/////’/”///// ////////!///////////f/,f
d
f S ,,
sa_|  DEPOSITION 4
GAS 7 - — /
. N~ 41
: SIS :
P /]
d
f / / \ \ /
P ]
¥ d
- d
423 " i‘ %
49—L A g
EDGE EXCLUSION TN \ i’
FLOW SETTING / ! . [ —rT 15
47 N Y A=K
oNRNR | DRV T4
y DEVICE | |, // s VP
%
51 (/ ? / HEATER - / ?rff——ﬂts
L~
50~  BACKSIDE é 4 / S 4/ f
GAS SOURCE — / ,
/]
f XSS S S SAS S S 1
L
f
; %
T 7 7 7 7 77 7 7 77 7 7N\ 7 77 7777 77777777 X777 77777/

4b

44



US 6,206,976 B1

Sheet 1 of 9

Mar. 27, 2001

U.S. Patent

4

A
GL
GY

X

144

v

s 77 7 77 7Y VA AVAYAy4

/ VA YA A AYAy

L

[

7

N/

L \ \\
d11V3H
[

17

gl

L\-\\

FIIA(
JAIYQ

NN -

N

M

-—

-~}

\‘ <
RN A
- AN e
/|
\ \ /
NV /S
o
d
%
ey

\\\\\kﬁNNNNHN\\\\\

e 3G

19

134Nn0

b¥

0L

S SV)

JAISHVE ‘ ~05

JOLVYINID
TYNIIS
INLLLIS MO14
NOISIX1 3903

(

8y

SYJ
NOLLISOd(

/

WK



U.S. Patent Mar. 27,2001  Sheet 2 of 9 US 6,206,976 Bl

76
70~
riG. 2 ~L2_ S /5
71 jj//
76 4
L
[])]
10— (I
I
' 76
FIG. 3 Ao —1 —¢
5 5
| L
, -73
” 75
73 4
76 75 76

0— N\ AN
ORI 7

IR 73
70\‘ 76 73
15~V \
T~ |
%
FIGC. 5 g («( WAFER =4

46 43




U.S. Patent Mar. 27,2001  Sheet 3 of 9 US 6,206,976 Bl

10~
FIG. 6 >

rliG. 7
72 8
7§ 73 26
00— N\ AW,
r1G. 38 71«3\/\% l %/&
75 /3

FIG. 9




U.S. Patent

r1G. 10
riG. 11
FIG. 12
riG. 13

Mar. 27, 2001 Sheet 4 of 9

70'\‘

US 6,206,976 B1

:__,> 75’
—

76




U.S. Patent

rlG. 14
FIG. 15
riG. 16
FIG. 17

Mar. 27, 2001 Sheet 5 of 9 US 6,206,976 B1

70'\\

16

76 75 76°
10— f/\\véq % ,d
FR R SRR NAAN
/ 7
73b 73b
70° 76° 73b
B N
75"\.—/ \
TI~ES |
% s
I\ WAFER 45




U.S. Patent

riG. 18
riG. 19
FIG. 20

r'iG. 2171

Mar. 27, 2001 Sheet 6 of 9
10~
C} il = T
7 | l
20
70~ 76
6T
. .
(X
2 —
) (3
21 sl -
Ry [
..-"";rrr%{:lli\ 1
) y OFF.--.. r-n-..____“
73 T3 20 73
76° 75 76

US 6,206,976 B1




U.S. Patent Mar. 27,2001  Sheet 7 of 9 US 6,206,976 Bl

FIG. 22
4274”
DRIVE
DEVICE 3
g

b

riG. 23

86 83 /0

8o~

Bl

% ((P( WFER 45
7 R 5
/ / :

46

f
Z

AN

)




U.S. Patent

Mar. 27, 2001 Sheet 8 of 9
FIG. 24
47"
A
DRIVE
DEVICE ] 81
7/
82
FIG. 25
86 B3b 10
513 AN
SNLVANE
( ( WAFR 4

46‘”

r-

US 6,206,976 B1



U.S. Patent

Mar. 27, 2001 Sheet 9 of 9
FIG. 26
47"
DRIVE
DEVICE 3
o 7
— -
=) =
FIG. 27
86 B3c 0
T %“M —
JE NN
Q[ WAFER

([

A

il

46"

45"

43"

US 6,206,976 B1



US 6,206,976 Bl

1

DEPOSITION APPARATUS AND RELATED
METHOD WITH CONTROLIABLE EDGE
EXCLUSION

FIELD OF THE INVENTION

The present invention relates to semiconductor processing,
and manufacture, and, more particularly, to an apparatus and
method for excluding undesired deposition near a wafer
cdge.

BACKGROUND OF THE INVENTION

Integrated circuits are used in many electronic devices. A
typical integrated circuit includes a semiconductor substrate
including active regions, and one or more interconnect
layers formed on the substrate. The adjacent interconnect
layers are typically separated by an interlevel dielectric
layer. A semiconductor wafer including a plurality of inte-
orated circuit die may be positioned 1nto a plasma deposition
chamber to deposit some of the desired layers. The wafer 1s
cut after processing into the discrete integrated circuit die.

Tungsten, tungsten silicide and titanium mnitride, for
example, are metals that are conventionally deposited on the
wafer by chemical vapor deposition (CVD) during manu-
facturing. These metals may be deposited in a reaction
chamber that holds from one to several wafers, and which
also supplies an eclevated temperature and/or plasma to
enhance the deposition. Unfortunately, such metals would
also be deposited on the edge and backside of the water 1f
these areas were unprotected during CVD. The metals tend
to peel and flake and would contaminate other portions of
the waler during subsequent processing steps. Also, any
residual metal can be sputtered back onto the surface during
subsequent processing steps.

One approach to preventing undesired deposition on the
backside and particularly the edge of the wafer 1s disclosed,
for example, mm U.S. Pat. No. 5,843,233 to van de Ven et al.
and assigned to Novellus Systems, Inc. Novellus also offers
the system described 1n the patent as its minimal overlap
exclusion ring (MOER) process. The apparatus includes a
chamber for positioning of five wafers therein, a pedestal to
support each wafer, and an exclusion ring for each wafer.

The exclusion ring mncludes an extension which slightly
overlaps the front peripheral region of the wafer and defines
a restrictive gap or opening therewith. So-called deposition
control gas 1s mtroduced under the exclusion guard exten-
sion and exits through the gap. Orifices may be provided
through the extension to further increase uniformity of
deposition on the front of the wafer adjacent the edge.

To 1ncrease the useable area on the wafer, the deposition
1s desirably uniform until reaching the edge. For example,
for a 200 mm walfer, a 6 mm ring of the wafer was left
unusable 1n the past. More recently, the ring 1s now desirably
reduced to only 4 mm. Many wafers mclude beveled edges
which complicates the mechanics of deposition edge exclu-
sion. In addition, a typical deposition chamber 1s desirably
used for a number of different processes, some with slower
deposition rates, and others with faster rates. Unfortunately,
to accommodate different processes typically requires com-
promising flow rates and deposition chemistry to ensure
proper edge exclusion. In addition, as the chamber 1s con-
tinually used, deposits also tend to build-up on the surfaces
of the exclusion ring. Accordingly, these must be periodi-
cally cleaned to ensure adequate performance. Opening the
chamber for such cleaning may result in many hours of
downtime for the apparatus. Changing the rings to substitute
others with different dimensions would also entail signifi-
cant apparatus downtime, and 1s therefore impractical.
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2
SUMMARY OF THE INVENTION

In view of the foregoing background, 1t is therefore an
object of the mvention to provide an apparatus and method
for providing edge deposition exclusion in wafer processing,
and while permitting control of the edge exclusion effect.

This and other objects, features and advantages 1n accor-
dance with the present invention are provided by a control-
lable edge exclusion assembly for controllably excluding
deposition adjacent a peripheral edge of a wafter within a
deposition chamber and based upon fluid flow. More
particularly, the controllable edge exclusion assembly pret-
erably comprises a ring-shaped body extending inwardly
from the peripheral edge of the wafer and spaced above an
adjacent front surface of the water. The ring-shaped body
may have a plurality of fluid passageways extending there-
through so that fluid flow from adjacent a back surface of the
waler passes over the peripheral edge of the wafter and
through the fluid passageways to thereby exclude deposition
adjacent the peripheral edge of the wafer. Moreover, the

assembly also preferably further includes a flow controller
associated with the fluid passageways of the ring-shaped
body for controlling fluid flow therethrough. Accordingly,
the edge exclusion effect can be controlled without changing
out fixed-dimension exclusion rings. The temperature, depo-
sition flow rates, and chemistry can be adjusted to optimize
f1lm properties, while the edge exclusion can be controlled
relatively independently in accordance with the mvention.

In one embodiment, the flow controller comprises a
control body having a plurality of fluid passageways therein,
and the control body 1s relatively movable with respect to the
ring-shaped body. This relative movement provides a select-
able amount of alignment between the fluid passageways of
the control body and the ring-shaped body to thereby control
fluid flow. In one particularly advantageous variation, the
control body and the ring-shaped body are relatively rotat-
able. For example, the ring-shaped body may be fixed
relative to a water support, and the control body may be
rotatable relative to the ring-shaped body.

The control body may be positioned adjacent an upper
surface of the ring-shaped body opposite the wafler. In
addition, the fluid passageways of the control body may
have a substantially same cross-sectional area as the fluid
passageways of the ring-shaped body. In another variation,
at least one of the control body and the ring-shaped body has
a plurality of sets of fluid passageways therein of different
cross-sectional areas. These different sets can be selectively
connected 1n alignment with opposing passageways to
thereby control flow. The control body may also have a ring
shape.

The flow controller also preferably comprises a drive
device for relatively moving the control body and ring-
shaped body responsive to control signals. These control
signals may be generated externally from the deposition
chamber. Accordingly, the flow rate can be set without
opening the deposition chamber and suffering the resultant
apparatus downtime.

In another embodiment of the invention, the flow con-
troller comprises respective 1ris diaphragms for the fluid
passageways. The cross-sectional open areca of the i1ris
diaphragms may be controlled to control fluid flow. Of
course, 1n this embodiment, the flow controller also prefer-
ably mcludes a drive device for controlling the iris dia-
phragms responsive to control signals. These control signals
can also be generated externally from the deposition cham-

ber.

A method aspect of the mvention 1s for deposition exclu-
sion adjacent a peripheral edge of a wafer within a deposi-
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fion chamber and based upon fluid flow. The method pret-
erably comprises the steps of: positioning a ring-shaped
body extending inwardly from the peripheral edge of the
waler and spaced above an adjacent front surface of the
waler, the ring-shaped body having a plurality of fluid
passageways extending therethrough; setting a flow control-
ler associated with the fluid passageways of the ring-shaped
body for a desired fluid flow therethrough; and generating a
fluid flow from adjacent a back surface of the water to pass
over the peripheral edge of the wafer and through the fluid
passageways of the ring-shaped body to thereby exclude
deposition adjacent the peripheral edge of the wafer.

In one embodiment, the flow controller comprises a
control body having a plurality of fluid passageways therein
and being relatively movable with respect to the ring-shaped
body. Accordingly, the step of setting the flow controller
comprises relatively moving the control body to provide a
selected amount of alignment between the fluid passageways
of the control body and the ring-shaped body to thereby
control fluid flow.

In another embodiment, the flow controller comprises
respective 1ris diaphragms for the fluid passageways.
Accordingly, the step of setting the flow control device
comprises setting the iris diaphragms to a desired cross-
sectional area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a deposition apparatus
in accordance with the present invention.

FIG. 2 1s a perspective view of a first embodiment of an
edge exclusion assembly as shown 1n FIG. 1 and illustrated
in the full open position.

FIG. 3 1s a top plan view of the edge exclusion assembly
shown 1n FIG. 2.

FIG. 4 15 a cross-sectional view taken along lines 4—4 of
FIG. 3.

FIG. 5 1s a greatly enlarged cross-sectional view of the
waler edge portion and adjacent portion of the edge exclu-
sion assembly taken along lines 5—35 of FIG. 3.

FIG. 6 1s a perspective view of the first embodiment of the
edge exclusion assembly as shown 1n FIG. 2 and 1illustrated
in a restricted flow position.

FIG. 7 1s a top plan view of the assembly shown in FIG.
6.

FIG. 8 1s a cross-sectional view of the edge exclusion
assembly taken along lines 8—8 of FIG. 7.

FIG. 9 1s a greatly enlarged cross-sectional view of the
waler edge portion and adjacent portion of the edge exclu-
sion assembly taken along lines 9—9 of FIG. 7.

FIG. 10 1s a perspective view of a second embodiment of
an edge exclusion assembly 1n accordance with the mven-
tion and 1illustrated in the full open position.

FIG. 11 1s a top plan view of the edge exclusion assembly
shown 1n FIG. 10.

FIG. 12 1s a cross-sectional view of the assembly taken
along lines 12—12 of FIG. 11.

FIG. 13 1s a greatly enlarged cross-sectional view of the

waler edge portion and adjacent portion of the assembly
taken along lines 13—13 of FIG. 11.

FIG. 14 1s a perspective view of the second embodiment
of the edge exclusion assembly as shown in FIG. 10 and
illustrated 1n a first restricted flow position.

FIG. 15 1s a top plan view of the edge exclusion assembly
shown 1n FIG. 14.
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FIG. 16 1s a cross-sectional view of the edge exclusion
assembly taken along lines 16—16 of FIG. 15.

FIG. 17 1s a greatly enlarged cross-sectional view of the

waler edge portion and adjacent portion of the edge exclu-
sion assembly taken along lines 17—17 of FIG. 15.

FIG. 18 1s a perspective view of the second embodiment
of the edge exclusion assembly as shown in FIG. 10 and
illustrated 1n a second restricted flow position.

FIG. 19 1s a top plan view of the edge exclusion assembly
shown 1 FIG. 18.

FIG. 20 1s a cross-sectional view of the edge exclusion
assembly taken along lines 20—20 of FIG. 19.

FIG. 21 1s a greatly enlarged cross-sectional view of the
waler edge portion and adjacent portion of the edge exclu-

sion assembly taken along lines 21—21 of FIG. 19.

FIG. 22 1s a schematic top plan view of an 1ris diaphragm
used to control flow through a fluid passageway 1n a third
embodiment of the edge exclusion assembly 1 accordance
with the present invention and 1llustrating the 1ris diaphragm
in the full open position.

FIG. 23 1s a greatly enlarged cross-sectional view of the
waler edge portion and adjacent portion of the edge exclu-
sion assembly using the iris diaphragm as shown in FIG. 22.

FIG. 24 1s a schematic top plan view of the iris diaphragm
as shown 1n FIG. 22 and 1illustrated in a first restricted flow

position.

FIG. 25 1s a greatly enlarged cross-sectional view of the
waler edge portion and adjacent portion of the edge exclu-
sion assembly using the iris diaphragm as shown in FIG. 24.

FIG. 26 15 a schematic top plan view of the iris diaphragm
as shown 1n FIG. 23 and illustrated 1n a second restricted
flow position.

FIG. 27 1s a greatly enlarged cross-sectional view of the
waler edge portion and adjacent portion of the edge exclu-
sion assembly using the iris diaphragm as shown 1n FIG. 26.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present mvention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled 1n the art. Like numbers refer to like elements
throughout, prime and double prime notation 1s used to
indicate similar elements 1n alternate embodiments. The size
of various regions and layers may be exaggerated in the
figures for clarity of explanation.

Referring initially to FIGS. 1 through 9, a first embodi-
ment of the invention 1s now described. As shown 1n FIG. 1,
the 1nvention 1s directed to a deposition apparatus 40 which
includes a deposition chamber 41, and a support 43 for
supporting a semiconductor water 45 therein. The support
43 may be 1n the form of the schematically illustrated
pedestal mounted within the chamber 41. A heater 44 1s
1llustratively associated with the support 43 to provide heat
to the wafer 45 during deposition as will be readily appre-
ciated by those skilled 1n the art. The deposition chamber 41
may also generate a plasma or be connected to a remote
plasma source to facilitate deposition.

As will also be readily appreciated by those skilled 1n the
art, the support 43 may also include fluid passageways for
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supplying vacuum to hold the wafer 45 firmly 1n position. In
addition, 1n a typical deposition chamber, a number of watfer
processing positions may be included. For clarity of illus-
tration of the mvention, only one such position 1s schemati-
cally 1llustrated. The apparatus 40 may also include wafer
handling mechanisms to advance wafers between processing
stations, and to facilitate loading and unloading of wafers
from the chamber 41. The apparatus 40 may also mnclude a
load lock chamber, not shown, to mitially receiver wafers to
be processed as will be appreciated by those skilled in the
art.

Positioned above the support 43 1s a distribution head 55
for the deposition gas. The deposition gas 1s communicated
from the schematically illustrated deposition gas source 58
via the conduit 56. The flow 1s controllable using the control
valve 61 connected between the source 38 and the distribu-
tion head 55 as will be readily appreciated by those skilled
in the art.

One of the key advantages of the apparatus 40 of the
present 1vention 1s that it can reduce the undesired depo-
sition of certain materials on the edge of the wafer 45. These
materials especially include metals, such as tungsten, tung-
sten silicide, and titanium nitride, for example as will be
appreciated by those skilled 1n the art. Such materials may
flake off and contaminate subsequent processing operations.

The support 43 includes fluid passageways 46 there-
through to communicate backside gas from a backside gas
source 30 outside the chamber 41 as will be readily appre-
ciated by those skilled 1n the art. The flow of the backside
cgas may be controlled, at least in part, by a flow control
valve 51. The chemistry of the backside gas can be selected
depending on the particular film being deposited as will be
appreciated by those skilled 1n the art. For example, the
backside gas may include one or more components reactive
with the deposition gas as disclosed, for example, 1n U.S.
Pat. No. 5,843,233, the entire disclosure of which 1s 1ncor-
porated herein by reference. Alternately, the backside gas
may 1nclude one or more inert gasses, such as argon or
nitrogen, for example.

The deposition apparatus 40 includes a controllable edge
exclusion assembly, generally designed by numeral 70, for
controllably excluding deposition adjacent a peripheral edge
of the waler 45 positioned within the deposition chamber 41
and based upon fluid flow. As 1llustrated 1n FIGS. 1-9, a first
embodiment of the controllable edge exclusion assembly 70
comprises a ring-shaped body 71 extending inwardly from
the peripheral edge of the wafer 45 and spaced above an
adjacent front surface of the watfer.

The ring-shaped body 71 may have a plurality of fluid
passageways 73 extending therethrough so that fluid flow
from adjacent a back surface of the water 45, that 1s, the flow
of backside gas, passes over the peripheral edge of the wafer
and through the fluid passageways to thereby exclude depo-
sition adjacent the peripheral edge of the water. The assem-
bly 70 also mcludes a flow controller associated with the
fluid passageways of the ring-shaped body for controlling
fluud flow therethrough. Accordingly, the edge exclusion
cifect can be controlled without changing out fixed-
dimension conventional exclusion rings. In addition, the
temperature, deposition flow rates, and chemistry can be
adjusted to optimize the film propertiecs, while the edge
exclusion can be controlled substantially independently in
accordance with the mnvention.

In the 1llustrated first embodiment, the flow controller
comprises a control body 75 having a plurality of fluid
passageways 76 therein, and the control body is relatively
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movable with respect to the ring-shaped body 71. This
relative movement provides a selectable amount of align-
ment between the fluid passageways 76, 73 of the control
body 75 and the ring-shaped body, respectively, to thereby
control fluid flow. In the illustrated embodiment, only four
passageways 76, 73 are shown 1n each of the control body
75 and ring-shaped body 71 for clarity of illustration. Those
of skill in the art will appreciate that the passageways may
be relatively large in number and spaced evenly and rela-
fively closely about a periphery of each body.

In the illustrated embodiment, the control body 75 and the
ring-shaped body 71 are relatively rotatable, and the ring-
shaped body 71 1s fixed relative to the wafer support 43, and
the control body 1s rotatable relative to the ring-shaped body.
In other embodiments the control body 75 need not be
ring-shaped, and could be moved 1n a lateral direction, for
example, rather than being rotatable. The rotatable move-
ment does offer advantages of simplicity of control and
construction.

The control body 75 1s illustratively positioned adjacent
an upper surface of the ring-shaped body 71 opposite the
waler 45. The positions of the control body 75 and ring-
shaped body 71 could be reversed 1n other embodiments. In
the 1llustrated embodiment of the edge exclusion assembly
70, the fluid passageways 76 of the control body 75 have a
substantially same cross-sectional area as the fluid passage-
ways 73 of the ring-shaped body 71.

As the control body 735 1s rotated, the passageways 76, 73
will move out of alignment, thereby restricting fluid flow
therethrough. As shown 1n the corresponding sequence of
drawing FIGS. 6-9, the control body 75 is relatively rotated
a few degrees 1n a clockwise direction relative to the
ring-shaped body 71. This relative rotation causes the effec-
five cross-sectional area of the combined passageways 76,
73 to be less thereby creating more turbulence adjacent the
waler edge. The increased turbulence causes less deposition
on the wafer edge.

Returning again more specifically to FIG. 1, the flow
controller of the apparatus 40 also preferably comprises a
drive device 47 for relatively moving the control body 75
and ring-shaped body 71 responsive to control signals. For
example, the drive device 47 may be an electromagnetic
actuator, such as a stepper motor, for example, that rotatably
drives the control body 75 via the 1llustrated drive gear 49.
Other approaches to accurately and repeatably move or
rotate the control body 75 with respect to the ring-shaped
body are also contemplated by the 1nvention.

A guide ring and corresponding mating guide recess (not
shown) may be provided on the control body and ring-
shaped body, for example, to provide a bearing surface to
facilitate accurate and smooth rotational movement. A suit-
able washer or form of lubricant may also be provided
between the control body 75 and the ring-shaped body 71 to
also facilitate smooth relative motion as will be appreciated
by those skilled 1n the art. The combined thickness of the
ring-shaped body 71 and control body 75 may be about the
same as a conventional exclusion ring of the type manufac-
tured and offered by Novellus Systems, Inc. of San Jose,
Calif. In addition, the passageways 73, 76 may be angled
outwardly or divergingly away from the wafer 45 as 1llus-
trated so that the flow of the backside gas does not adversely
interfere with the flow of deposition gas as will be appre-
cilated by those skilled in the art.

The control signals for the drive device 47 may be
ogenerated externally from the deposition chamber 41. As
shown 1n the 1illustrated embodiment, these signal may be
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ogenerated from the schematically illustrated edge exclusion
flow setting signal generator 48. The signal generator can
take many forms, for example, from a simple rotatable
control knob and associated circuitry, to a portion of soft-
ware running on a process control computer. Various posi-
fion feedback devices or flow measurement sensors could
also be mcorporated into the flow controller of the present
invention. Other embodiments and detailed implementations
of the signal generator 48 and drive device 47 will be readily
appreciated by those of skill in the art and require no further
discussion herein.

A significant advantage of the mnvention 1s that the flow
rate, and, hence the degree of edge exclusion, can be set
without opening the deposition chamber 41 and suffering the
resultant apparatus downtime. Also, as the openings become
progressively occluded by deposition, the control signals
could increase the alignment of the passageways 76, 73 to
thereby maintain a constant flow rate. For a conventional
exclusion ring, periodic plasma cleaning 1s required to
maintain the passageways open to required tolerance.
Accordingly, in addition to better controllability and the
ability to optimize processing for deposition, the present
invention may also provide increased time intervals between
required maintenance procedures.

Having now generally described the principles and fea-
tures of the invention with respect to a first speciiic
embodiment, a second embodiment 1s now described with
reference to FIGS. 10-21. These figures are best considered
as three groups: FIGS. 10-13 illustrating a full open
position, FIGS. 14-17 illustrating a first restricted flow
position, and FIGS. 18-21 illustrating a second restricted
flow position. In this second embodiment of the edge
exclusion assembly 70', like elements are indicated with
prime notation and are similar to those elements described
above with reference to the first embodiment. Accordingly,
cach element need not be described again here in detail.

The 1llustrated exclusion ring assembly 70' includes the
ring-shaped body 75'; however, 1in this embodiment, there
are three sets of different sized openings 73a, 73b and 73c¢
in decreasing size order. In can be seen 1n the groups of
drawings that the three sets of passageways 73a, 73b and
73c permit selective alignment with any desired set to
thereby control the flow rate. FIGS. 10-13 show the assem-
bly 70" with the passageways 76' in the control body 75
aligned with the largest passageways 73a 1n the ring-shaped
body 71".

FIGS. 14-17 illustrate the control body 75' relatively
rotated 1n a clockwise direction so that the intermediate
sized passageways 73b are aligned with the passageways 76
in the control body 75'. Accordingly, the exclusion ring 1s in
a first restricted flow position.

Along these same lines, FIGS. 18-21 illustrate the assem-
bly 70' 1n the second restricted flow position. In other words,
in this position the smallest passageways 73c¢ are aligned
with the passageways 76' in the control body 75'.

Those of skill 1n the art will readily appreciate that only
two sets of different sized passageways may be used 1n some
embodiments, yet 1n other embodiments, three or more may
be used. Of course, although the different sized passageways
73a, 73b and 73c are illustrated 1n the ring-shaped body 71°,
it will be apparent to those skilled 1n the art that the different
size passageways can alternately be provided in the control
body 75"

Turning now additionally to FIGS. 23—27, a third embodi-
ment of the exclusion ring assembly 70" 1s now described.
In this embodiment, respective 1ris diaphragms 81 are pro-
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vided to control tlow through each passageway 73" m the
ring-shaped body 71". Each 1ris diaphragm 81 may include
a plurality of slidable elements 82 which can be relatively
positioned to create a desired opening as will be readily
appreciated by those skilled in the art. In other words, the
cross-sectional open area of the iris diaphragms 81 may be
controlled to control fluid flow. Of course, 1n this
embodiment, the flow controller also preferably includes a
drive device 47" for controlling the iris diaphragms 81
responsive to control signals. These control signals can also
be generated externally from the deposition chamber as

discussed above.

In the illustrated embodiment, the 1ris diaphragms 81 are
positioned between the lower ring-shaped body 71" with the
passageways 73" therein, and an upper fixed ring-shaped
body 85 with aligned passageways 86. In other
embodiments, the upper fixed ring-shaped body 85 may not
be needed as will be understood by those skilled 1n the art.

For clarity of explanation, the third embodiment of the
exclusion assembly 70" 1s shown 1n three different positions.
In the fully open position (FIGS. 22 and 23) each of the iris
diaphragms 81 are fully opened defining a large opening
indicated by reference numeral 834. Similarly, an interme-
diate or first restricted position 1s shown 1n FIGS. 24 and 285,
wherein each of the iris diaphragms 81 define the 1nterme-
diate opening 83b. Lastly, FIGS. 26 and 27 illustrated the 1ris
opening at a second restricted position with the correspond-
ing opening indicated by reference numeral 83c. Those of
skill 1n the art will appreciate that the 1ris diaphragms 81
may provide essentially an infinite range of adjustment
depending upon the actuators used to control the elements
82 and the control signals applied thereto.

A method aspect of the mvention 1s for deposition exclu-
sion adjacent a peripheral edge of a wafer 45 within a
deposition chamber 41 and based upon fluud flow. The
method preferably comprises positioning a ring-shaped
body 71 extending inwardly from the peripheral edge of the
waler 45 and spaced above an adjacent front surface of the
waler, and wherein the ring-shaped body has a plurality of
fluid passageways 73 extending therethrough. The method
may also include setting a flow controller associated with the
fluid passageways of the ring-shaped body for a desired fluid
flow therethrough. In addition, the method may include the
step of generating a fluid flow from adjacent a back surface
of the water 45 to pass over the peripheral edge of the wafer
and through the fluid passageways 73 of the ring-shaped
body 71 to thereby exclude deposition adjacent the periph-
eral edge of the wafer.

In the i1llustrated embodiments, a beveled edge 1s shown
on the wafer 45. The beveled edge may be especially
benefitted by the increased precision and repeatability of
deposition edge exclusion provided by the present invention.
However, those skilled 1n the art will appreciate the benefits
of the invention will flow to waters having different shaped
cdges as well. Indeed, many modifications and other
embodiments of the mnvention will come to the mind of one
skilled 1n the art having the benefit of the teachings pre-
sented 1n the foregoing descriptions and the associated
drawings. Therefore, 1t 1s to be understood that the invention
1s not to be limited to the specific embodiments disclosed,
and that modifications and embodiments are intended to be
included within the scope of the appended claims.

That which 1s claimed 1s:

1. A deposition apparatus comprising;:

a deposition chamber;

a support for supporting a wafer 1n the deposition cham-
ber:;
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a controllable edge exclusion assembly for excluding
deposition adjacent a peripheral edge of the wafer
based upon fluid flow and comprising
a ring-shaped body extending inwardly from the
peripheral edge of the wafer and spaced above an
adjacent front surface of the wafer, the ring-shaped
body having a plurality of fluid passageways extend-
ing therethrough so that fluid flow from adjacent a
back surface of the water passes over the peripheral
cdge of the wafer and through the fluid passageways
to thereby exclude deposition adjacent the peripheral
edge of the wafer, and

a flow controller adjacent the fluid passageways of said
ring-shaped body for controlling fluid flow there-
through.

2. A deposition apparatus according to claim 1 wherein
saild flow controller comprises a control body having a
plurality of fluid passageways therein; and wherein said
control body 1s relatively movable with respect to the
ring-shaped body to provide a selectable amount of align-
ment between the fluid passageways of said control body
and said ring-shaped body to thereby control fluid flow.

3. A deposition apparatus according to claim 2 wherein
said control body and said ring-shaped body are relatively
rotatable.

4. A deposition apparatus according to claim 3 wherein
said ring-shaped body 1s fixed relative to said waler support,
and said control body 1s rotatable relative to said ring-shaped
body.

5. A deposition apparatus according to claim 2 wherein
said control body 1s positioned adjacent an upper surface of
said ring-shaped body opposite the wafer.

6. A deposition apparatus according to claim 2 wherein
the fluid passageways of said control body have a substan-
fially same cross-sectional area as the fluid passageways of
said ring-shaped body.

7. A deposition apparatus according to claim 2 wherein at
least one of said control body and said ring-shaped body has
a plurality of sets of fluid passageways therein of different
cross-sectional areas.

8. A deposition apparatus according to claim 2 wherein
said tlow controller comprises a drive device for relatively
moving said control body and said ring-shaped body respon-
sive to control signals generated externally from said depo-
sition chamber.

9. A deposition apparatus according to claim 2 wherein
said control body has a ring shape.

10. A deposition apparatus according to claim 1 wherein
said flow controller comprises respective 1ris diaphragms for
the fluid passageways.

11. A deposition apparatus according to claim 10 wherein
said flow controller comprises a drive device for operating
said 1ris diaphragms responsive to control signals generated
externally from said deposition chamber.

12. A deposition apparatus according to claim 1 wherein
the fluid passageways of said ring-shaped body are angled
upwardly and radially outwardly from the wafer.

13. A controllable edge exclusion assembly for control-
lably excluding deposition adjacent a peripheral edge of a
waler within a deposition chamber and based upon fluid
flow, the controllable edge exclusion assembly comprising:

a ring-shaped body extending inwardly from the periph-
eral edge of the wafer and spaced above an adjacent
front surface of the wafer, the ring-shaped body having
a plurality of fluid passageways extending therethrough
so that fluid flow from adjacent a back surface of the
waler passes over the peripheral edge of the water and
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through the fluid passageways to thereby exclude depo-
sition adjacent the peripheral edge of the wafer; and

a flow controller adjacent the fluid passageways of said
ring-shaped body for controlling fluid flow there-
through.

14. A controllable edge exclusion assembly according to

claim 13 wherein said flow controller comprises a control

body having a plurality of fluid passageways therein; and
wherein said control body 1s relatively movable with respect
to the ring-shaped body to provide a selectable amount of
alienment between the fluid passageways of said control
body and said ring-shaped body to thereby control fluid tlow.

15. A controllable edge exclusion assembly according to
claim 14 wherein said control body and said ring-shaped
body are relatively rotatable.

16. A controllable edge exclusion assembly according to
claim 15 wherein said ring-shaped body 1s fixed relative to
said wafer support, and said control body is rotatable relative
to said ring-shaped body.

17. A controllable edge exclusion assembly according to
claim 14 wherein said flow controller comprises respective
ir1s diaphragms for the fluid passageways.

18. A controllable edge exclusion assembly according to
claim 14 wherein said flow controller comprises a drive
device for controlling fluid flow responsive to control sig-
nals.

19. A controllable edge exclusion assembly for control-
lably excluding deposition adjacent a peripheral edge of a
waler within a deposition chamber and based upon fluid
flow, the controllable edge exclusion assembly comprising:

a ring-shaped body extending inwardly from the periph-
eral edge of the wafer and spaced above an adjacent
front surface of the wafer, the ring-shaped body having,
a plurality of fluid passageways extending therethrough
so that fluid flow from adjacent a back surface of the
waler passes over the peripheral edge of the water and
through the fluid passageways to thereby exclude depo-
sition adjacent the peripheral edge of the wafer, and

a control body having a plurality of fluid passageways
therein and being relatively movable with respect to
said ring-shaped body.

20. A controllable edge exclusion assembly according to
claim 19 wherein said control body and said ring-shaped
body are relatively rotatable.

21. A controllable edge exclusion assembly according to
claim 19 wherein said control body 1s positioned adjacent an
upper surface of said ring-shaped body opposite the water.

22. A controllable edge exclusion assembly according to
claim 19 wherein the fluid passageways of said control body
have a substantially same cross-sectional area as the fluid
passageways ol said ring-shaped body.

23. A controllable edge exclusion assembly according to
claim 19 wherein a least one of said control body and said
ring-shaped body has a plurality of sets of fluid passageways
therein of different cross-sectional areas.

24. A controllable edge exclusion assembly according to
claim 19 wherein said flow controller comprises a drive
device for relatively moving said control body and said
ring-shaped body responsive to control signals.

25. A controllable edge exclusion assembly according to
claim 19 wherein said control body has a ring shape.

26. A controllable edge exclusion assembly according to
claim 19 wherein the fluid passageways of said ring-shaped
body are angled upwardly and radially outwardly from the
waler.

27. A controllable edge exclusion assembly for control-
lably excluding deposition adjacent a peripheral edge of a
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waler within a deposition chamber and based upon fluid
flow, the controllable edge exclusion assembly comprising:

a ring-shaped body extending mnwardly from the periph-
eral edge of the wafer and spaced above an adjacent
front surface of the wafer, the ring-shaped body having
a plurality of fluid passageways extending therethrough
so that fluid flow from adjacent a back surface of the
waler passes over the peripheral edge of the wafer and
through the fluid passageways to thereby exclude depo-
sition adjacent the peripheral edge of the wafer; and

an 1r1s diaphragm associated with each of the fluid pas-
sageways of said ring-shaped body for controlling tluid
flow therethrough.

28. A controllable edge exclusion assembly according to
claim 27 wheremn said flow controller comprises a drive
device for operating said iris diaphragms responsive to
control signals.

29. A controllable edge exclusion assembly according to
claim 27 wherein the fluid passageways of said ring-shaped
body are angled upwardly and radially outwardly from the
waler.

30. A method for deposition exclusion adjacent a periph-
eral edge of a waler within a deposition chamber and based
upon fluid flow, the method comprising the steps of:

positioning a ring-shaped body extending inwardly from
the peripheral edge of the water and spaced above an
adjacent front surface of the wafer, the ring-shaped
body having a plurality of fluid passageways extending
therethrough;

setting a flow controller adjacent the fluid passageways of
the ring-shaped body for a desired fluid flow there-
through; and
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generating a fluid flow from adjacent a back surface of the
wafer to pass over the peripheral edge of the wafer and
through the fluid passageways of the ring-shaped body
to thereby exclude deposition adjacent the peripheral
edge of the wafer.

31. A method according to claim 30 wherein the flow
controller comprises a control body having a plurality of
fluid passageways therein and being relatively movable with
respect to the ring-shaped body; and wherein the step of
setting the flow controller comprises relatively moving the
control body to provide a selected amount of alignment
between the fluid passageways of the control body and the
ring-shaped body to thereby control fluid flow.

32. A method according to claim 31 wherein the control
body and the ring-shaped body are relatively rotatable.

33. A method according to claim 31 wherein the fluid
passageways of the control body have a substantially same
cross-sectional area as the fluid passageways of the ring-
shaped body.

34. A method according to claim 31 wherein at least one
of the control body and the ring-shaped body has a plurality
of sets of Hluid passageways therein of different cross-
sectional areas.

35. A method according to claim 30 wherein the flow
controller comprises respective 1ris diaphragms for the fluid
passageways;, and wherein the step of setting the flow
control device comprises setting the iris diaphragms to a
desired cross-sectional area.

36. A method according to claim 30 wherein the step of
setting the control device comprises setting the control
device responsive to control signals from outside the depo-
sition chamber.
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